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Introduction
Cardiovascular diseases (CVD) are still the most common cause of mortality and morbidity in chronic renal failure (CRF) patients [1] [2] [3] [4] . Structural and functional abnormalities of the heart are common in patients with end-stage renal disease. The cause of this condition is pressure increase and excessive volume load [5] [6] . In patients undergoing hemodialysis, the dry weight, considered to be the ideal weight, is described as the lowest weight that the patient can tolerate, not causing the development of hypotension and hypertension [7] . The first and most important step in the treatment of hypertension (HT) in patients with end-stage renal failure (ESRD) is the provision of hemodialysis (HD) proficiency and access to the patient's actual dry weight. In most hemodialysis patients, hypertension is caused by increased volume, which can be controlled by ultrafiltration. By reducing volume load, hypertension remains refractory in only 5-10% of patients [8] . Cardiovascular events were minimized and cardiovascular mortality and morbidity decreased when the fluid volume control was performed compared to ESRD patients using antihypertensive drugs. In the Tassin series, 20-year survival was 43% in patients who did not use antihypertensive drugs and who were normotensive with strict volume control only. Nevertheless, 5-year survival rate was 40-50% in patients receiving antihypertensive drugs [9] . Adequate and careful evaluation of cardiac functions of patients in this group is very important. The mortality rate in dialysis patients with hypervolemia is four to five times higher than those with normal blood volume [10] . Therefore, the right ventricular functions have recently gained importance in the determination of volume load in HD patients. Since the right ventricle (RV) dysfunction has been shown to be associated with mortality and morbidity in various pathologies, RV is now an important part of the heart that cannot be neglected. Evaluation of the RV has gained importance in recent years, especially after understanding its role in many diseases such as heart failure, pulmonary hypertension and congenital anomalies [11] [12] [13] [14] [15] [16] [17] . Many previous studies have shown impaired ventricular function in HD patients. In these studies, the focus is on the left ventricle (LV) functions. There are fewer studies on right heart functions. Several studies have shown impaired right ventricular systolic and diastolic function in HD patients. Pulmonary hypertension (PH) is defined as mean pulmonary artery pressure ≥25 mmHg [18] . Indeterminate or multifactorial mechanisms such as hormonal and metabolic disorders associated with chronic kidney disease (CKD) may cause pulmonary artery vasoconstriction and increased pulmonary vascular resistance in these patients [19] . Right heart catheterization (RHC) is still the gold standard for hemodynamic evaluation of right heart chambers [20] [21] . However, as it is an interventional, time-consuming, costly and relatively difficult procedure to be repeated, it is not frequently used in patient follow-up. Therefore, transthoracic echocardiography with good correlation with RHC is recommended for PH screening using derived mean pulmonary artery pressure (mPAP) [22] [23] [24] . Similarly, tricuspid annular plane systolic excursion (TAPSE) on M-mod echocardiography provides a simple but specific method for systolic functional evaluation of the RV. And it correlates perfectly with the RV ejection fraction as assessed by radionuclide ventriculography [25] . The aim of this study was to compare the echocardiographically evaluated TAPSE and systolic pulmonary artery pressure (SPAB), an important indicator of RV functions, in HD patients and matched healthy controls.
Materials and methods

Study protocol
Patients between the ages of 18-85 years with sinus rhythm who received systemic HD treatment 3 times a week for at least 6 months were included in this single-center, case-control study. It was conducted on 49 patients followed in the hemodialysis unit of Bilecik State Hospital. 46 healthy individuals who were adjusted for age and gender made up the control group. Participants were informed about the study protocol and gave written informed consent. The local ethics committee approved this study.
The following were exclusion criteria: Patients with known coronary artery disease, Significant valvular disease, LV systolic dysfunction defıned as an LVEF <50%, Pericardial disease, Congenital heart disease, Atrial fibrillation, Thyroid dysfunction, Patients with an active infection, Patients with chronic pulmonary disease, Moderate or severe anemia (Hg value <9 gr) General evaluation and assessments All participants underwent a detailed clinical, laboratory, and radiological evaluation. Blood pressure, heart rate, demographics, clinical history, laboratory parameters and drug use status were recorded. Blood samples were taken from the antecubital vein in the morning after overnight fasting. Routine serum biochemical variables were analyzed including glucose, serum creatinine, sodium, potassium, calcium, phosphorus, albumin, total protein, liver transaminases, complete blood count, C-reactive protein (CRP), parathyroid hormone (PTH) and lipid profile levels. A 12-lead electrocardiogram (ECG) was obtained from all participants.
Echocardiographic examinations were performed at the Department of Cardiology Echocardiography Laboratory using the EPIQ 7 echocardiography device (Philips, Amsterdam, The Netherlands). The analysis was performed according to the guidelines of the American Society of Echocardiography recommendations. Left ventricular end-diastolic diameter (LVEDD), left ventricular end-systolic diameter (LVESD), interventricular septum thickness (IVS), posterior wall thickness (PW), left atrium (LA), Aortic diameter were measured using Mmode in parasternal long-axis imaging [26] . LVEF was measured by Teichoz method [27] . Mitral inflow velocities were evaluated from apical 4-chambered view to evaluate LV's diastolic functions. Right ventricular values were measured from the parasternal long axis and apical 4 chambers. TAPSE, SPAB, tricuspid E wave velocity, A wave velocity, E / A ratio were measured. TAPSE was measured from apical 4-chamber view by placing an M-mode cursor through the lateral tricuspid annulus and measuring the length of longitudinal motion of the annulus at peak systole [28] . SPAB was calculated as 4 x (tricuspid systolic jet) ² + right atrial pressure. Tricuspid regurgitation was measured using continuous-wave Doppler in P a g e / S a y f a | 822 apical 4-chamber, parasternal short axis and parasternal long-axis views. The early (E) and late (A) RV inflow velocities were measured by pulsed-wave Doppler by the sample volume between the tricuspid valve in the apical 4-chamber view.
Statistical analysis
Statistical analysis was performed using SPSS version 18.0 (Statistical Package for Social Sciences Inc., Chicago, Illinois, USA) for Windows. Categorical variables were expressed as percentages. Numerical variables were presented as the arithmetic mean standard deviation. The differences between various groups were analyzed using Student's t-test for the parameters with normal distribution and the Mann-Whitney U test for those without normal distribution. The presence of a linear relationship between the normally distributed parameters was checked using Pearson's correlation test, while Spearman's correlation test was used for nonnormally distributed parameters. P-value <0.05 was considered statistically significant.
Results
Forty-nine HD patients and 46 healthy participants were included in the study. The mean weight was 65 (16.3) and mean body mass index (BMI) was 29 (3.4) kg / m 2 . The mean systolic blood pressure of all participants was 130 (12) mmHg and the mean diastolic blood pressure was 79 (11) mmHg. Age group was similar, female participants were statistically higher in both the patient group and the control group (P<0.001). BMI was lower in the HD group, but this was not statistically significant. The number of patients with diabetes mellitus and HT history was significantly greater in the HD group (P<0.001 and P<0.001, respectively). Heart rate was higher in the HD group but not statistically significant (P=0.571). The mean HD duration was 56.3 (51.2) months. Demographic and clinical data are shown in Table 1 .
As expected in laboratory tests, creatine, urea, phosphorus, potassium, PTH and ferritin values were significantly higher in the HD group. However, albumin, calcium, protein, hemoglobulin and platelet were found to be significantly lower. Although white blood cell (WBC) value was higher in the HD group, it was not statistically significant ( Table  2) .
LVEF and LVESD were similar in both groups. LVEDD, IVS, PW, LA measured by parasternal long axis were significantly higher in the HD group. RV end-diastolic diameter and SPAP values were significantly higher in the HD group after evaluation of right heart function (P<0.001 and P<0.001, respectively), and TAPSE, measured by M-mode technique, was significantly lower. The RV E velocity was insignificantly lower in HD group (P=0.523). The A velocity, and E/A ratio were significantly lower in the HD group (Table 3 ). 
Discussion
In our study, TAPSE used in the evaluation of right ventricle functions in patients receiving HD therapy was observed to be low and SPAB, high compared to healthy individuals. In case of hypervolemia, the excess blood distributes to the area with the highest compliance. Various parts of the cardiovascular system have different compliances. Compliance of the heart is quite high, but veins have the highest compliance. Therefore, in the presence of hypervolemia, the volumes of these sections increase. When the volume of the venous system and atrium increases, the cardiac output should increase according to the Starling forces. This phenomenon results in people with a normally functioning kidney to discard excess fluid. However, hemodialysis patients cannot successfully complete this process. Although various methods have been proposed for the determination of dry weight in these patients, the applicability and reliability of many of these are limited in clinical practice. We suggest that TAPSE and SPAP may be used in combination with the recommended methods for determining volume load in patients receiving chronic HD treatment. Heart and vascular diseases are the most important cause of mortality and morbidity in CRD patients [29] . Patients receiving dialysis treatment have a higher risk of CVD compared to the community of similar age and sexuality. High risk of cardiovascular death in individuals with ESRD is associated with many factors, which include toxic, metabolic, vascular factors, hypervolemia, hypertension and anemia. Several studies have shown that LV hypertrophy, LV dilatation, decreased EF and diastolic dysfunction may develop as a result of these factors. However, data on the prevalence of RV dysfunction in patients undergoing chronic dialysis are still lacking. Previous cardiac studies in CRF patients have often investigated LV systolic and diastolic functions. There are fewer P a g e / S a y f a | 823 studies on RV functions. Diabetic nephropathy is the most common cause of CRF worldwide. Similarly, diabetic nephropathy was the most common etiologic factor in our study. Transthoracic echocardiography is a non-invasive method often used in the evaluation of right ventricular functions because it is easily achievable and inexpensive. However, the complexity of the geometric structure, the anatomical position, the roughness of the endocardial surface and the complex contraction mechanism of the right heart may complicate its evaluation by echocardiography. In order to minimize these difficulties, many echocardiographic methods are utilized together, and many studies are being conducted to develop new methods.
The basis of our study was to investigate the effect of volume burden on heart function by echocardiographic examination in HD patients. The patients included in the study did not have systolic heart dysfunction. In a study by López-Candales et al. [30] , TAPSE, which represents the longitudinal functions of the right ventricle, was shown to decrease as a result of both right ventricular and left ventricular dysfunction, which was more pronounced in patients with right ventricular dysfunction. In our study, TAPSE was found to be significantly lower in patients receiving HD treatment. We thought that this could be due to the deterioration of right ventricular functions due to increased volume load. In the study of Kucukdurmaz et al. [31] , it was reported that TAPSE decreased significantly in healthy individuals who donated 450 ml blood. In our study, TAPSE was low in HD patients with increased volume load. This was attributed to the hypervolemic status of the patients in our study and the normovolemic status of the subjects in the study of Kucukdurmaz [31] . Lopez-Candales et al. [32] showed that patients with advanced tricuspid regurgitation have a mechanical delay in RV, leading to low TAPSE values. Similarly, in our patient group, the RV diameter was wider than the control group and the rate of tricuspid regurgitation was higher. Akyüz et al. investigated the effects of decreased preload on RV systolic function in HD patients using echocardiographic parameters. They showed that RV Sa velocity was independent of preload, whereas TAPSE value was dependent [33] . Similarly, in our study, TAPSE was found to be lower in patients with HD and volume load compared to the control group. Unlike our study, RV functions were evaluated before and after HD, and TAPSE increased due to decreased volume load after HD. In our study, the control group consisted of healthy individuals. Karavelioglu et al. [34] reported that RV systolic and diastolic functions were impaired in HD patients without hypertension or diabetes mellitus. We obtained similar findings.
PH is common in patients with CRF because several studies based on the echocardiographic evaluation of SPAP have reported a prevalence of 30-60% [35] . Di Lullo et al. [36] reported that about 20% of a cohort of adult hemodialysis patients had impairment of right ventricular function, and low TAPSE values (<15 mm). Also, Momtaz et al. [37] confirmed the high incidence of pulmonary hypertension and subclinical RV dysfunction in HD patients. This was consistent with our study. Tassin series, which was carried out in prolonged HD, correctly determined the dry weight and removed the interdialytic fluid and salt sufficiently in each session, and the patients were found to live about 10 years longer than the patients who underwent standard HD for 12 hours per week. This series demonstrated the importance of accurate volume determination [38, 39] .
Limitations One of the limitations of the study was the relatively small number of patients and the fact that it was single-centered. Another important limitation was that right heart catheterization was an invasive procedure for the functional evaluation of RV and RA and not performed due to lack of indication.
Conclusion
In this study, we demonstrated that TAPSE, which is an important indicator of right ventricular function, decreases with volume increase. It is also a less costly, non-invasive method that can be repeated and measured by echocardiography. We believe that it can be used together with other methods in calculating dry weight in ESRD patients receiving HD treatment.
